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15 (54) [TITLE OF THE INVENTION] POWER TRANSMISSION LINE 



[CLAIMS] 



1 . 



A power transmission line characterized in that: 



an outermost layer of the line is comprised of a 
layer obtained by radially segmenting a conductor which 



20 



is ring shaped when seen from a cross-section and which 



has a smooth outer peripheral surface to form a plurality 
of segment conductors and twisting together said 
plurality of segment conductors along a longitudinal 
direction ; 



25 



a plurality of grooves are formed along a 



- 2 - 



longitudinal direction of the outer periphery of the 
power transmission line by forming an arc having a radius 
of curvature r (m) at the outside corners of two 
adjoining segment conductors for every predetermined 
5 number of said plurality of segment conductors ; 

said segment conductors formed with said arcs are 
formed with abutting parts at the two ends and are 
selected so that a tangent of said arc at a point of 
intersection between said arc and said abutting part does 

10 not pass through the center of said line; and 

said arcs formed on said segment conductors are 
selected to be equal to or greater than 75/360 of a 
peripheral length drawn by the same radius as the radius 
of curvature r (m) of said arc. 

15 2. A power transmission line according to claim 1, 

characterized in that said radius of curvature r (m) is 
selected to give the relationship: , 

0-28.5 0+5.2 

„_ 0.0508^ 113 ~ i o 1 13 ) 



V 

where the wind speed is V (m/sec) and an angle with a 
20 center of adjacent grooves is 0 (degrees) . 

3. A power transmission line according to claim 1, 
characterized in that a relation among an arc of said 
radius of curvature r (m> , a diameter D (m) of said line, 
and an angle 9 (degree) with a center of adjacent grooves 
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is selected to become 

10 • — + logG > 2.55 
D 

[DETAILED DESCRIPTION OF THE INVENTION] 

This invention relates to a power transmission line, 
5 more particularly relates to a low wind pressure or a low 
wind noise power transmission line. 

As is well known, a power transmission line is 
comprised of high tensile strength circular cross-section 
strands of aluminum, copper, etc. twisted together around 
10 an outer periphery of a copper core in a longitudinal 
direction. Here, when the wind hits the power 
transmission line, air resistance arises and the load 
applied to the power transmission line changes in 
response to the resistance. Therefore, it is preferable 
15 to reduce a drag coefficient of the wind receiving 
surface. Below, the reason will be explained with 
reference to the drawings . 

FIG. 1 is a view of the relation between the 
Reynolds number R and drag coefficient Cx of the wind 
20 receiving surface by types of conventional power 

transmission lines. In the figure, the abscissa indicates 
the Reynolds number R, while the ordinate indicates the 
drag coefficient Cx of the wind receiving surface. These 
are shown by one logarithmic scale. Further, in the 
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figure , the curve a shown by a solid line Indicates the 
characteristic in the case of an outermost layer of 116 
nun outside diameter comprised of twisted strands obtained 
by twisting together 30 strands of 10.6 mm outside 
5 diameter, the curve b shown by a broken line indicates 
the characteristic in the case of an outermost layer of 
116 mm outside diameter comprised of twisted strands 
obta-i-Rsd by twi sting together 36 strands of 8 , 9 mxn 
outside diameter, and the curve c shown by a solid line 

10 indicates the characteristic in a case of the same 
outside diameter, but a pipe shape. 

As is well known, the maximum wind pressure P 
(kg/m 2 ) per unit area of a power transmission line is 
expressed by equation (1) where the air density is p (kg* 

15 sec 2 /m 4 ) , the drag coefficient of the wind receiving 

surface is Cx (no dimensions) , and the wind speed is V 
(m/sec) , 

P «^pCxV 2 . (1) 

This drag coefficient Cx is determined by the 
20 Reynolds number. Here, the Reynolds number R is expressed 
by equation (2) where the outside diameter of the power 
transmission line is D (m) and the air kinematic 
viscosity is v. Note that v is a constant 1.456X10' 5 
m 2 /sec under standard conditions (usually 15°C and 1 atm 
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in line design) . 

R . VI> - . (2) 

V 

Note that, as shown by the curve a or b in Fig. 1, 
in the case of twisted strands , the drag coefficient Cx 
5 is large when the Reynolds number R is small (for 
example, 2 x 10 4 ) and is smallest when the Reynolds 
number R is 4 x 10 4 to 6 x 10 4 . The amount of change of 
the drag coefficient Cx becomes small when the Reynolds 
number R is over 6 x 10 4 . On the other hand, in a case of 

10 using a power transmission line covered over its outer 
periphery by a pipe or a pipe-shaped power transmission 
line as shown by the curve c, the drag coefficient is 
large in the region of a small Reynolds number . As the 
Reynolds number R becomes larger, the drag coefficient Cx 

15 rapidly falls. Therefore, ideally, it is desirable to use 
a power transmission line where the outer peripheral 
surface of the power transmission line is made a pipe 
shape to minimize the drag coefficient Cx. However, to 
select the Reynolds number R to minimize the drag 

20 coefficient Cx, the outside diameter of the power 

transmission line becomes larger than needed the range of 
the ordinary assumed wind speed and therefore 
commercialization is difficult. 

Therefore, the present inventor previously proposed 
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a power* -transmission line reduced In wind pressure In 
Japanese Patent Application No. 54-147478 (Japanese 
Examined Patent Publication (Kokoku) No. 56-51444) based 
on various experiments . 
5 FIG. 2A is a view of a overall cross-section of a 

power transmission line forming the background art of 
this invention and previously proposed by the present 
inventor, while FIG. 2H is an enlarged sectional view of 
a segment conductor. The power transmission line 10 is 

10 comprised of inner layers 11 and 12 and the outermost 

layer 13. The inner layer 11, while not shown in FIG. 2A, 
is usually comprised of a layer obtained by twisting 
together circular cross-section strands such as in the 
inner layer 12 . The outermost layer 13 is comprised of a 

15 plurality of segment conductors 131 to 13n (n = 360/0) 

obtained by radially segmenting a conductor having a ring 
shape seen from its cross-section and having a smooth 
outer peripheral surface. The "segment conductor" spoken 
of here is also called a "segment strand". These 

20 plurality of segment conductors 131 to 13n, as shown in 

FIG. 2B , have the two edges of the outer peripheral sides 
of their segmented surfaces formed as arc shapes having a 
radius of curvature r (m) . Then, by aligning the segment 
conductors 131 to I3n on the outer periphery of the inner 

25 layer 12 in ring shape and twisting them together in the 
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longitudinal direction, the power transmission line 10 is 
formed. Due to this, a plurality of grooves 14 are formed 
on the outer peripheral surface of the power transmission 
line 10. The shape of the grooves 14 is selected to be a 
5 shape where facing ends of two arcs having a radius of 
curvature r (m) are made to abut against each other at 
the segmenting surfaces of the segment conductors and the 
other ends of the arcs are made to extend in the outer 
peripheral directions of the segment conductors away from 

10 the segmenting surfaces, i.e., a trumpet shape. The angle 
between adjacent grooves with respect to the center 
(below called the opening angle) is expressed by 0. 

FIG. 3 is a graph showing a relation between the 
Reynolds number R and the drag coefficient Cx in 

15 experiments using samples made in a case using the power 
transmission line 10 shown in FIG. 2A and using a 
constant opening angle 6 of the grooves, but changing the 
ratio between the diameter D (m) and the radius of 
curvature r (m) . In the figure, the abscissa indicates 

20 the Reynolds number R by a logarithmic scale, while the 
ordinate indicates the drag coefficient Cx. The 
characteristic curves (below "curves") d, e, and f shown 
by solid lines indicate the results of experiments for 
each sample changed in ratio of radius of curvature r/D 

25 while making the opening angle 9 of the groove constant 
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(0=12°) . Here, curve d indicates a case where the ratio 
of the radius of curvature r/D = 17.4/1000, the curve e 
indicates a case where r/D = 29.1/1000, and curve f 
indicates a case when r/D = 34.9/1000. Note that, 
5 usually, when calculating a wind pressure of the power 

transmission line, in consideration of the change of the 
wind speed, a region is used where the rate of change of 
the drag coefficient Cx is smaller than the change of the 
Reynolds number R. Therefore, when choosing a range of 

10 use of the curves d, e , and f different in ratio of 
radius of curvature obtained by experiments, it is 
determined as follows. That is, the one-dot chain line xl 
connecting the points of the minimum drag coefficients Cx 
of the curves d, e, and f is selected as a region of the 

15 minimum value of the Reynolds number R. On the other 
hand, the maximum value of the Reynolds number is 
selected, as well known by line designers, in a range of 
the Reynolds number two times the minimum value of the 
Reynolds number. It is selected to be in a range of two 

2 0 times in consideration of the fact that the actual wind 
speed changes above and below the design wind speed. 
Therefore, the Reynolds number used in design is selected 
from a range between the region of the minimum value 
shown by the one-dot chain line xl and the region of the 

2 5 maximum value shown by a two-dot chain line yl . That is, 
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the Reynolds number R is selected, in the case of the 
opening angle 0=12°, in a range about 7.1 to 28 x 10 4 in 
the range of the ratio of radius of curvature r/D = 
17.5/1000 to 34.9/1000. 



5 Next, the drag coefficient Cx of the power 

transmission line forming the background art of the 
present invention shown in FIG, 2A and the conventional 
rsower transmission line showr in FIG- 1_ wil 1 be comDared 
and studied. For example, in a range of the Reynolds 

10 number R = 7.5 to 20 x 10 4 , the drag coefficient Cx of 
the power transmission line 10 constructed as shown in 
FIG. 2A is Cx = 0.4 to 0.6, while the drag coefficient Cx 
= 0.9 to 0 . 95 in the conventional power transmission 
line. Therefore, it is understood that this power 

15 transmission line 10 can reduce the drag coefficient Cx 
by exactly 0.3 to 0.55 in the range of the Reynolds 
number R = 7.5 to 20 x 10 4 in comparison with the 
conventional art. In this way, due to the fact that the 
drag coefficient Cx can be lowered, it is seen that the 

20 wind pressure to the power transmission line can be 

reduced in relation to a rate of reduction of the drag 
coefficient Cx and an effect of lowering the wind 
pressure effect is obtained. 

The power transmission line reduced in wind pressure 

2 5 as stated above can be quantitatively expressed using a 
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certain stress concentration factor by appropriately- 
selecting a relationship between the ratio of radius of 
curvature r/D and the opening angle 0 from various 
experiments- Therefore, below, an attempt is made to 
5 study how to express a low wind pressure type power 

transmission line quantitatively in relation to the shape 
concentration factor . 

FIG. 4A is a graph replacing the minimum value shovrn 
by the one-dot chain line xl and the maximum value shown 

10 by the two-dot chain line yl in FIG. 3 with the 

relationship between the Reynolds number R and the ratio 
of radius of curvature r/D. In FIG. 4A, the Reynolds 
number R is indicated by the abscissa by a logarithmic 
scale, while the drag coefficient Cx is indicated by the 

15 ordinate. The one-dot chain line x2 shown in FIG. 4A is a 
line obtained by plotting on FIG. 4A the ratio of radius 
of curvature r/D with the minimum value of the Reynolds 
number R for each sample shown by the one-dot chain line 
xl in FIG. 3 and connecting the points. Further, the two- 

20 dot chain line y2 is a line obtained by plotting on FIG. 
4A the ratio of the radius of curvature r/D with the 
maximum value of the Reynolds number R in each sample 
shown by the two-dot chain line yl in FIG. 3 and 
connecting the points . 

2 5 Similarly, the present inventor produced trial 
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samples different in the opening angle p, changed in the. 
ratio of radius of curvature r/D for each same opening 
angle 0 , and investigated the relation between the 
Reynolds number R and the ratio of radius of curvature 
5 r/D based on the experimental values. As a result, it was 
learned that the same inclination as the one-dot chain 
line x2 indicating the region of the minimum value of the 
Reynolds ■number shown in FIG . 4 A is shown and only the 
value in the abscissa direction changes. As an example, 

10 the measured values in a case of 0=45 °° are shown in FIG. 
4B. From this, it is seen that if the inclination of the 
one-dot chain line x2 shown in FIG. 4A is found, the 
relationship between the ratio of radius of curvature r/D 
and the Reynolds number R is expressed by a constant 

15 function. 

Therefore, the present inventor tried to find the 
function and learned that it can be expressed by r/D = 
Kl/R (Kl=constant) , where the constant Kl is expressed by 
the product of the ratio of radius of curvature r/D and 

20 the Reynolds number R. Further, for example, in a case 
where 0=12°, if observing the curves d, e , and f of the 
samples for each ratio of radius of curvature r/D in FIG. 
3, the Reynolds number R is 14.4 x 10 4 when r/D = 
17.4/1000, the Reynolds number R is 8 . 6 x 10 4 when r/D = 

25 29.1/1000, and the Reynolds number R is 7.2 x 10 4 when 



r/D = 34.9/1000, so Kl = 2500 is obtained. Thus, the 
general equation of the curve shown by the one-dot chain 
line x2 in FIG. 4A is expressed by r/D = 2500/R. 
Similarly, the constant Kl of the maximum value shown by 
the two-dot chain line yl in FIG. 3 becomes Kl = 5000. 
Thus , the general equation of the curve shown by the two- 
dot chain line y2 in FIG. 4A becomes r/D = 5000/R. From 
this, in the case of the opening angle 9=12°, it was seen 
that the ratio of radius of curvature should be selected 
so that the relation between the ratio of radius of 
curvature r/D and the Reynolds number R becomes in a 
range of r/D = 2500/R to 5000/R. 

FIG. 5 is a graph showing the relation between the 
Reynolds number R and the drag coefficient Cx in a case 
of making the ratio of radius of curvature r/D constant 
(r/D — 34.9/1000) and changing the opening angle 9 in the 
power transmission line of FIG. 2A. In the figure, the 
curve g indicates a case where 9=12 °, curve h indicates a 
case where 9=24° , curve i indicates a case where 9=36°, 
and curve j_ indicates a case where 9=45° . The line 
connecting the minimum values of the drag coefficient of 
the different samples in this case is shown by the one- 
dot chain line x3 . Further, the line connecting the 
maximum values of the different samples when selecting 2 
times the minimum Reynolds number R as the maximum value 
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is shown by the two-dot chain line y3 . 

FIG. 6A is a graph substituting the minimum value 
shown by the one-dot chain line x3 in FIG. 5 and the 
maximum value shown by the two-dot chain line y3 with the 
5 relationship between the Reynolds number R and the 
opening angle G. In FIG. 6A, the range which can be 
effectively used is between x4 and y4 . Note that various 
experiments were conducted using samples changed in the 
ratio of radius of curvature r/D . From these experiments , 

10 it is seen that even when changing the ratio of radius of 
curvature r/D, the relationships between the Reynolds 
number R and the opening angle 9 are all expressed by 
straight lines and have the same inclination. 

The measured values in a case where r/D = 29.1/1000 

15 are shown in FIG. 6B, while the measured values in a case 
where r/D = 45.5/1000 are shown in FIG. 6C as examples. 

For example, if finding the relationship between the 
opening angle 6 and the Reynolds number R from the 
inclination of the one-dot chain line x4 in FIG. 6A, the 

20 function of the opening angle 0 when choosing the minimum 
Reynolds number R in FIG. 5 is expressed by 9 = 113 log R 
x 10" 5 + 28.5. Further, if finding the relationship 
between the opening angle 9 and the Reynolds number R 
from an inclination of the two-dot chain line y4 , the 

2 5 function of the opening angle 0 when choosing the maximum 



Reynolds number R in FIG. 5 is expressed by 6 = 113 log R 

x 1CT 5 - 5.2. 

j 

From the above explanation and. characteristic 
graphs, the range in which the power transmission line of 
the present invention is applicable can be calculated by 
equations as follows . 

First, the range of the most suitable Reynolds 

„ l~ . — «— n -..X* ^-k ~— . 4>U» A »~» t% .^r> f-w 1 -i c = 4- r> t*> +- ft 1 ^ ° anH 

changing the ratio of radius of curvature (r/D) is 
expressed by equation (3) as explained with reference to 
FIG. 4A: 

1_ 2500 _ 5000 
d" R ~ R 

From equation (3) , the radius of curvature r may be 
expressed by equation (4) , 

r = — (2500 ~ 5000). (4) 

R 

Entering R = VD/y into equation (4) , the radius of 
curvature r is expressed by equation (5) : 
,K2500-5000) 1 - 456 ; 10 " 5 = 0-0364-0.0728 (5) 

From the above equation (5) , it is seen that the 
radius of curvature r can be determined by just the 
design wind speed. 

On the other hand, the most suitable relationship 
between 9 and the Reynolds number R when the ratio of 



t 
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radius of curvature r/D (— 34.9/1000)) is constant and 
changing the opening angle 0 is expressed by equation (6) 
as explained with reference to FIG. 5: 

6 = 113 log R x 10" 5 + (28.5 to -5.2) (6) 
5 From equation (6) , the relation of the Reynolds 

number R may be expressed by equation (7) : 

0-(28.5~-5.2) 

R = 10 113 xlO 5 . (7) 

Based on the above equations (5) and (7) , the most 
suitable condition of the ratio of radius of curvature 

10 and the opening angle 0 may be calculated as follows . 

That is, the ratio of radius of curvature r/D when the 
opening angle 0 is constant, as clear from equation (3) , 
is inversely proportional to the Reynolds number R. Thus, 
if the factor of proportionality is Kl , the ratio of 

15 radius of curvature r/D may be expressed as equation (8) : 

' - — . ,8) 

D D 

Next, the factor of proportionality Kl can be 
obtained from the actually measured results when the 
ratio of radius of curvature r/D is 34.9/1000 by entering 
20 R of equation (7) into equation (8) : 

0-(28.5~-5.2) 

K1=^^R« 34.9xl0" 3 xl0 113 xio 5 (9) 
1000 

Therefore, when the opening angle 6 is given, the 
most suitable radius of curvature r becomes the following 



range when the design wind speed is V 



DK1 

R 
Klv 



V 



0-28.5 
113 



0+5.2 
113 



1.456xl0" s 
V 



(10) 



3490(10 



-10 



0.0508 
V 



(10 



6-28.5 
113 



-10 



Q+5.2 
1 13 



where 



DV 



R - 



v 



Thus , for selecting the radius of curvature r 
expressed by equation (10) , it is possible to learn the 
range of the most suitable radius of curvature r if the 
value of the design wind speed and the opening angle 9 
are determined. 

Therefore, it is seen that by forming a plurality o 
grooves by the abutment of two arcs having a radius of 
curvature r satisfying the above equation (10) along a 
longitudinal direction of the outer periphery of the 
power transmission line, a power transmission line 
reduced in wind pressure can be realized. 

Note that when wind of a speed of about 10 m/sec or 
more strikes a power transmission line, a Karma n vortex 
occurs on the surface of a usual ACSR (steel-reinforced 



aluminum cable) etc. and produces wind noise called 
"eloss" (phonetic) resembling a groan. Such wind noise is 
unpleasant to inhabitants around the power transmission 
line, so it is necessary to attenuate it. 

FIG. 7 is a characteristic graph measuring the sound 
pressure level (dB) for different bands of frequency (Hz) 
of wind noise produced from a conventional power 
tr c± ti sin i ssioa 1 x ne . Xn t h i s nie a s ux exnen t ex amp le , the sound 
pressure XeveX is measured by evaXuating it for 10 
seconds for every 1/3 octave obtained by equally dividing 
into three the 1 octave width A from the frequency band 
having the maximum sound pressure level. The wind noise 
becomes more unpleasant the greater the sound pressure 
level . The sound pressure level was extremely high in the 
conventional power transmission line. Especially, the 
wind noise in the maximum sound pressure level frequency 
band is very unpleasant. 

The present inventor proposed not only a low wind 
pressure power transmission line but also a low wind 
noise power transmission line using a power transmission 
line having the structure shown in FIG. 2A in Japanese 
Patent Application No. 55-129605 (Japanese Unexamined 

r 

Patent Publication (Kokai) No. 57-53005). Therefore, an 
explanation will be made of the low wind noise power 
transmission line proposed by the present inventor. 
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The idea to try to realize a low wind noise power 
transmission line using the power transmission line 10 
shown in FIG. 2A was arrived at as a result of analyzing 
the state of formation of the Kantian vortex occurring in 
5 a conventional power transmission line having an 

outermost layer comprised of a layer of circular cross- 
section strands twisted together and a power transmission 
line having an outermost layer comprised of a smooth 
surface pipe. Note that to find the most suitable shape 

10 of said power transmission line 10, experiments were 
carried out on the relation between the radius of 
curvature r (m) , the diameter (or the outside diameter) D 
(m) of the line, the opening angle 0 (degree) of the 
groove 14, and the maximum sound pressure level 

15 difference AL (dB) . Here, the maximum sound pressure 

level difference AL (dB) means the difference from the 
maximum sound pressure level of the power transmission 
line 10 shown in FIG. 2A having the same diameter when 

i 

using the maximum sound pressure level of a conventional 
20 power transmission line having an outermost layer 

comprised of a layer of circular strands twisted together 

as a reference . 

These experiments were carried out using a 80 cm x 

80 cm low noise wind tunnel and placing the power 
25 transmission line 10 at a position 50 cm from the 



opening. The experiments were carried out for two types 
of wind speed of 15 m/sec and 25 m/sec. The reason is 
that at a wind speed under 15 m/sec, the wind noise of a 
power transmission line does not become much of a 
problem, while at a wind speed over 35 m/sec, the noise 
of the surroundings due to the wind speed becomes larger 
than the wind noise due to the power transmission line. 
The maximum sound pressure level difference AL (dB) for 
different wind speeds when comparing actual measured 
results when suitably changing the radius of curvature r 
(m) , the outside diameter D (m) , and the opening angle 9 
(degree) of the grooves of the power transmission line 10 
shown in FIG. 2A with actual measured results when using 
the same line having solid line diameter D (m) under 
these conditions is shown in Table 1 . 
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Table 1 



Structure of line 


Maximum sound pressure 








level difference AL 








MR) 

* 




Diameter D 


Opening 


Radius of 


Wind speed 


Wind speed 


(x 10" 3 m) 


angle 9 


curvature r 


15 m/sec 


25 m/sec 




(degree) 


(x 10 3 m) 






38.4 


36 


2 . 9 


+7.0 


-2.5 


38.4 


45 


2.3 


+ 9.5 


+2.5 


38.4 


45 


3.0 


+ 6.0 


+2 . 0 


38 . 4 


45 


4.6 


+3 . 0 


-3 . 0 


38.4 


60 


4.5 


+1 . 0 


-6.5 


52 . 8 


60 


4 . 0 


+ 3.5 


-6.5 


38 . 4 


90 


5.0 


-1.5 


-7.0 


52.8 


90 


5.0 


+ 1.0 


-3.0 
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Table 2 



Structure of 


line 


Maximum sound 


Stress 








pressure level 


concen- 








difference AL (dB) 


tration 












factor 












K2 


Diame- 


Opening 


Radius of 


Wind 


Wind 


ter D 


angle 9 


curvature r 


speed 


speed 




(x 10" 3 


(degree) 


(x 10' 3 m) 


15 m/sec 


25 




m) 








m/ sec 




38 .4 


36 


2.9 


+7 . 0 


-2.5 


2.32 


38.4 


45 


2.3 


+ 9.5 


+2.5 


2 .25 


38 . 4 


45 


3.0 


+ 6.0 


+2.0 


2.43 


38 . 4 


45 


4.6 


+3.0 


-3.0 


2.85 


38 . 4 


60 


4.5 


+1.0 


-6.5 


2.95 


52 . 8 


60 


4.0 


+3.5 


-6.5 


2 .53 


38 .4 


90 


5.0 


-1.5 


-7.0 


3.25 


52 .8 


90 


5.0 


+ 1.0 


-3.0 


2 . 90 
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20 



25 



FIG. 8 is a characteristic graph measuring the sound 
pressure level for different bands of frequency of the 
wind noise from the conventional power transmission line 
and the power transmission line 10 shown in FIG. 2A. Note 
that solid line shows a case of the conventional power 
transmission line, while the dotted line shows the sound 
pressure level of the power transmission line 10 shown in 
FIG. 2A. Here, the difference between the sound pressure 
level of the conventional power transmission line and the 
sound pressure level of this power transmission line 10 
at the frequency band of the maximum sound pressure 
level, that is, the maximum sound pressure level 
difference, is shown by AL . 

In Table 1, when the maximum sound pressure level 
difference AL (dB) is negative (-) , it means that the 
maximum sound pressure level is lower in this power 
transmission line 10 than in the conventional power 

i 

1 

transmission line for the same diameter. As a result of 
study of Table 1, it can be considered that the diameter 
D (m) and the radius of curvature r (m) of the line are 
correlated with the attenuation of wind noise. That is, 
the ratio of the radius of curvature r (m) and the 
diameter D (m) of the line , i.e., the ratio of radius of 
curvature r/D, is correlated with the maximum sound 
pressure level difference AL . On the other hand, the 
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change of the maximum sound pressure level difference AL 
is slight with respect to the change of the opening angle 
9 (degree) in comparison with the case of the ratio of 
radius of curvature r/D, but it cannot be said that there 
5 is no relation. Thus, it can be considered that the 
relation between the opening angle 9 and the maximum 
sound pressure level difference AL can be expressed by 
the logarithm of the opening angle 9 (degree) (i.e., log 
9) . Therefore, if the maximum sound pressure level 
10 difference AL is, expressed in a relation to the shape of 
the power transmission line 10, it was seen that the 
stress concentration factor K2 of the power transmission 
line 10 can be expressed by equation (11) : 

K2» 10 — + log0 . (ID 

D 

15 By arranging the data shown in Table 1 in relation 

to the stress concentration factor, Table 2 and FIG. 9 
are obtained. 

FIG. 9 is a graph showing the relation between the 
stress concentration factor K2 of the power transmission 

20 line 10 shown in FIG. 2A and the maximum sound pressure 
level difference AL for different wind speeds . In the 
figure, the solid line k connecting the dots shows the 
relation between the stress concentration factor K2 and 
the maximum sound pressure level difference AL at a wind 
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speed of 15 m/sec, while the solid line 1 connecting the 
"x's" shows the relation between the stress concentration 
factor K2 and the maximum sound pressure level difference 
AIj at a wind speed of 25 m/sec. 
5 From FIG. 9, it was confirmed that the diameter D 

(m) of the line and the radius of curvature r (m) have an 
effect on the maximum sound pressure level difference AL 
by the ratio of radius of curvature r/D. Further, it was 
confirmed that the opening angle 0 (degree) has an effect 

10 on the maximum sound pressure level difference AL in the 
form of log 9. In these cases, it was confirmed that the 
influence of the ratio of radius of curvature r/D on the 
maximum sound pressure level difference AL is greater 
than the influence of 0 (or log 0) and that in a case 

15 where the stress concentration factor K2 is constant, the 
higher the wind speed, the lower the maximum sound 
pressure level difference AL . Here, there is an effect of 
attenuating the wind noise only when the maximum sound 
pressure level difference AL is a minus value. 

20 Based on the above analysis, considering FIG. 9, it 

can be understood regarding the stress concentration 
factor for different wind speeds in a case where the 
maximum sound pressure level difference is smaller than 0 
(i.e., minus), an effect of attenuation of the wind noise 

25 can be exhibited in a range of stress concentration 



• 
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factor K2 > 3.05 at a wind speed of 15 m/sec and in a 
range of stress concentration factor K2 > 2.55 at a wind 
speed of 25 m/sec. However, generally, in a region in 
which the wind speed is low, the value of the maximum 
sound pressure level itself is lower than the value in a 
region in which the wind speed is high. In terms of the 
experiment values , the level is not that much of a 



that by selecting the diameter D (m) , the radius of 
10 curvature r (m) , and the opening angle 0 (degree) of the 
power transmission line 10 so that the stress 
concentration factor becomes a value by which the maximum 
sound pressure level difference AL becomes a minus value 
at a wind speed of 25 m/sec, that is, the stress 
15 concentration factor K2 becomes a greater value than 

2.55, the maximum sound pressure level can be lowered and 
the wind noise attenuating effect can be exhibited in a 
relatively high wind speed region in which a wind noise 
problem occurs . 

20 Note that the power transmission line 10 which was 

previously proposed by the present inventor and had a 
remarkable effect in lowering the wind pressure and the 
wind noise encountered a problem in manufacture it that 
it was difficult to twist together the segment conductors 

2 5 when the radius of curvature r became greater than a 
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certain value because there is a limit on the height h of 
the segment conductor in view of strength etc. For 
example, as shown in FIG. 10A, when the height h of the 
segment conductor cannot be made a value greater than the 
5 radius of curvature r of the arc, that is, when h = r, 
points of intersection between the arcs and an inner 
peripheral surface of the segment conductor arise at both 
ends of the seoment conductor in the circumferential 
direction. When twisting together a plurality of such 

10 segment conductors in a ring shape, because the two ends 
of adjacent segment conductors in the circumferential 
direction are in line contact, one segment conductor 
rides up over an arc part of the other segment conductor 
and it becomes difficult to twist them together 

15 accurately. Especially, when the opening angle is 

selected to be a large value, it becomes necessary to 
divide the segment conductors into a plurality of parts 
as shown in FIG. 10B in view of strength etc. In such a 
case, since the segment conductors at the two ends of the 

20 circumferential direction formed in an arc are 

asymmetrical in shape, they become extremely unstable 
with respect to torsional force and become difficult to 
twi s t accurately . 

Therefore, a primary object of the present invention 

2 5 is to provide a power transmission line improved so that 
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when manufacturing the power transmission line by 
twisting together segment conductors not able to be given 
a sufficient height h, the strength is high and twisting 
is easy and accurate. 
5 Another object of the present invention is to 

provide a power transmission line able to be 
advantageously used for a low wind pressure or low wind 
noise power transmission line 

Summarizing the present invention, twisting is 

10 facilitated by omitting parts of the arc formed at the 
two ends of a segment conductor having a large opening 
angle and providing abutting parts . When using the power 
transmission line of the present invention as a low wind 
pressure power transmission line, the radius of curvature 

15 r is limited to satisfy the condition expressed by 

equation (10) . Further, when using the power transmission 
line of the present invention as a low wind noise power 
transmission line, K2 expressed by equation (11) is 
selected so that K2 is greater than 2.55. 

20 Below, an explanation will be made of a concrete 

embodiment of the present invention with reference to the 
drawings . 

FIG. 11A is a sectional view of a power transmission 
line 20 of one embodiment of the present invention, FIG. 
2 5 11B is an enlarged sectional view of a segment conductor 
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used for the power transmission line of the present 
embodiment, and FIG, 11C is a view for explaining the 
method of selecting an arc of the segment conductor. The 
power transmission line 20 of the present embodiment is 
5 comprised of inner layers 21, 22 and an outermost layer 
23. The inner layers 21 and 22 are comprised of circular 
cross -section strands twisted together into a plurality 
of layers . The outermost layer 23 which characterizes the 
present invention is comprised of a plurality of segment 

10 conductors, obtained by radially segmenting conductor of 
a ring shape seen from a cross-section and having a 
smooth outer peripheral surface into a plurality of 
segment conductors, twisted together along a longitudinal 
direction of the power transmission line. These plurality 

15 of segment conductors 231 to 23n are formed, as shown in 
FIG. 11B, so that their edges of the outer periphery of 
the two ends in the circumferential direction are formed 
into arcs having a radius of curvature r. This radius of 
curvature r is a value approximately equal to a height h 

20 of the segment conductor. Further, a part of the arc 
contacting an inner peripheral side of the segment 
conductor is formed with a notch of the abutting part t. 
The abutting part t is formed so that its tangent passes 
through the center of the power transmission line . The 

25 tangent of the arc at a point of contact with the 
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abutting part t is made not to pass through the center of 
the power transmission line. The segment conductors 231 
to 23n of such shape are formed by, for example, drawing 
process in a wire-shaped or rod-shaped conductive 
5 material of copper or aluminum etc. is heated and drawn 
through a die having a shape as shown in FIG. 11B. The 
segment conductors 231 to 23n formed in such a way are 
arranrrpH -in ^ rinn sha n s on the outer periphery of the 
inner layer 22 and twisted together along the 

10 longitudinal direction. As a result, a plurality of 

trumpet- shaped grooves 24 each comprised of two arcs of a 
radius of curvature r abutting against each other are 
formed on the outer peripheral surface of the power 
transmission line 20. 

15 In order to advantageously use the power 

transmission line 20 shown in FIG. 11A and FIG. 11B as a 
low wind pressure line or a low wind noise line, the 
present inventor conducted various experiments changing 
the radius of curvature r (m) , the opening angle 0 

20 (degree) , the diameter D (m) of the line, the wind speed 
V (m/sec) , and the abutting part t (m) to find the most 
suitable conditions. As a result, they learned that if 
the distance of the arc by which said groove 24 is formed 
is at least 75/360 of the overall distance of the 

2 5 circumference drawn by the same radius as the radius of 
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curvature r of the arc, there ±s an effect approximately 
equivalent to a case of a complete arc having the same 
radius of curvature r. Here, a "complete arc" means an 
arc drawn, as shown in FIG. 10A, so that the tangent of 
5 the arc at an end of the arc at the center side of the 

power transmission line passes through the center of the 
power transmission line. 



between the arc and the radius of curvature r with 
10 reference to FIG. 11C. When defining the arc of the 

segment conductor as arc(AB) and defining the radius of 
curvature of the arc (AB) as r, the relation between the 
arc and the radius of curvature r is expressed by 
equation (12) : 




75 



*2nr 



360 



15 



(12) 



5 



12 



In other words , it was seen that if the angle 



between arc (AB) is at least 75 , 



there is an effect 



approximately equivalent to the case when forming a 



groove by a complete arc having the same radius of 



20 



curvature r of the segment conductor shown in FIG . 2B or 



FIG. 



10A. 



Therefore, as making a power transmission line 
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designed to reduce the wind pressure or reduce the wind 
noise, which constitutes the background art of the 
present invention, if the height h of the segment 
conductor is limited to h =; r by the manufacturing 
5 conditions, it is preferable to form the segment 

conductor as shown in FIG. 11B. That is, in the present 
invention , by providing the abutting part t in the range 
in which the arc forming the groove 24 satisfies the 
above equation (12) , it is possible to realize a power 

10 transmission line having the effect of reducing the wind 
pressure and reducing the wind noise and further having a 
reliable, stable twisted structure. 

The reason why even when providing an abutting part 
t less than a certain length in this way, an effect 

15 approximately equivalent to the case of a groove formed 
by complete arc having the same radius of curvature is 
believed to be as follows. That is, it is because the 
problems of wind pressure and wind noise are caused 
mainly by the shape near the entrance of the grooves and 

20 there is almost no flow of air at more than a certain 
depth of the grooves and that even if there is flow, 
there is almost no effect on the problems of wind 
pressure and wind noise due to breakaway of the air etc. 
Note that, from various experiments, it was 

25 confirmed that in an ordinary power transmission line, an 
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abutting part t of at least about 1 mm is preferable. 
Further, the height h of the segment conductor is 
preferably not more than about 5 mm in an ordinary power 
transmission line in view of strength etc. 
5 Note that, in the manufacture of an actual power 

. transmission line, it is necessary to determine design 
values taking into account the difficulty in drawing an 
accurate arc, the difficulty in manufacturing an 
intersection between the arc and the abutting part t 
10 accurately, and the difficulty in making adjacent segment 
conductors accurately abut against each other. 

FIG. 12 is a graph showing the wind pressure 
characteristic in one example of a power transmission 
line of this embodiment as contrasted with the wind 
15 pressure characteristic of a power transmission line of 
the same shape as the above power transmission line 
except not having an abutting part. The power 
transmission line shown in FIG. 13 is selected to meet 
the following conditions: That is, 
20 Radius of curvature r = 5.0 x 10" 3 m 

Opening angle 0 = 90° 

Diameter D = 38 . 4 x 10* 3 m 

Abutting part t = 1.2 x 10" 3 m 

Height h = 5.0 x 10" 3 m. 

25 Note that, in the graph of FIG. 12, the curve m 
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indicates a case where the abutting part t is not 
provided, while the curve n indicates a power 
transmission line in a case where an abutting part t 
which characterizes the present invention is provided. As 
5 clear from FIG. 12, even when providing the abutting part 
as in the present invention, the relationship of the drag 
coefficient Cx to the Reynolds number R becomes 
approximately equivalent to the case of not providing the 
abutting part t. Further, in a range where the Reynolds 

10 number R=7.5to2.0x 10" 4 , the drag coefficient Cx is 
0.74 to 0.81, so the drag coefficient Cx can be reduced 
by 0.09 to 0.21 in comparison with the 0.9 to 0.95 in the 
same range in a case of the conventional power 
transmission line shown in FIG. 1. 

15 FIG. 13 is a graph showing results of experiments on 

the wind noise characteristic of the same power 
transmission line as the power transmission line with the 
wind pressure characteristic shown in FIG. 12. In the 
figure, the curve o indicates a case where the abutting 

20 part is not provided, while the curve p indicates the 

case where the abutting part t is provided. By studying 
FIG. 13, it can be understood that a power transmission 
line selected so as to satisfy the above conditions can 
be reduced in the maximum sound pressure level difference 

25 AL in comparison with one using conventional circular 
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cross-section strands . 

Note that, the two arcs which form the grooves may 
also be a second order curve, third order curve, or other 
curve having a continuously varying radius of curvature 
5 or a combination of a plurality of arcs (including the 
above curves) so long as it has a radius of curvature r 
satisfying equation (10) when the object is to attenuate 
the wind pressure or a radius of curvature r by which K2 
expressed by equation (11) becomes at least 2.55 when the 

10 object is to attenuate the wind noise. 

As stated above, according to the present invention, 
when manufacturing a power transmission line having an 
outermost layer formed by twisting together a plurality 
of segment conductors, even when a sufficient height of 

15 the segment conductor cannot be taken, there are the 

characteristic effects that it is easy to twist together 
the segment conductors accurately, manufacture becomes 
easy, and so on. According to this, it is also possible 
to reduce the manufacturing costs of a power transmission 

20 line. 

The present invention is used advantageously for 
manufacturing a low wind pressure line or low wind noise 
line . 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
25 FIG. 1 is a graph showing a relation between a 
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Reynolds number R and drag coefficient Cx of different 
types of conventional power transmission lines. FIG. 2A 
is an illustration showing a cross-section of a power 
transmission line reduced in wind pressure and/or reduced 
5 in wind noise, and FIG. 2B shows an enlarged sectional 
view of a segment conductor of the power transmission 
line. FIG. 3 shows actual measured values of different 
types of power transmission lines having different ratios 
of radius of curvature (r/D) in a case where an opening 

10 angle 0 is a constant 12° in the power transmission line 
in FIG. 2A, where the ordinate indicates the drag 
coefficient and the abscissa indicates the Reynolds 
number. FIG. 4A is a graph showing the minimum value 
shown by a one-dot chain line xl and the maximum value 

15 shown by a two-dot chain line yl in FIG. 3 by the 

relation between the Reynolds number and the ratio of 
radius of curvature. FIG. 4B is the same type of graph as 
FIG. 4A in a case where 6 = 45°. FIG. 5 shows the actual 
measured values for different types of power transmission 

20 lines having different opening angles in a case where r/D 
= constant 34.9/1000 in the power transmission line in 
FIG. 2A, wherein the ordinate indicates the drag 
coefficient and the abscissa indicates the Reynolds 
number. FIG. 6A is a graph showing the minimum value 

25 shown by a one -dot chain line x3 and the maximum value 
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shown by a two-dot chain line y3 by the relation between 
the Reynolds number R and the opening angle 0. FIG. 6B 
and FIG. 6C are the same types of graphs as FIG. 6A in 
cases where r/D = 29.1/1000 and r/D = 45.5/1000, 
5 respectively. FIG. 7 is a characteristic graph measuring 
a sound pressure level for different bands of frequency 
of wind noise produced from a conventional power 
transmission line. FIG. 8 is a characteristic graph 
measuring the sound pressure levels for different bands 

10 of frequency of the wind noise produced from the 

conventional power transmission line and the power 
transmission line 10 shown in FIG. 2A. FIG. 9 is a graph 
showing the relation between the stress concentration 
factor K2 of the power transmission line 10 shown in FIG. 

15 2A and the maximum sound pressure level difference AL at 
different wind speeds. FIG. 10A is an enlarged sectional 
view of a segment conductor not having an abutting part 
but having a perfect arc, while FIG. 10B is an enlarged 
sectional view of segment conductors obtained by further 

20 segmenting the segment conductor in FIG. 10A. FIG. 11A is 
a sectional view of a power transmission line of one 
embodiment of the present invention, FIG. 11B is an 
enlarged sectional view of the segment conductor 
characterizing the present invention, and FIG. 11C is a 

2 5 view for explaining the method of selecting an arc of the 
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segment conductor of this embodiment. FIG. 12 is a graph 
showing the wind pressure characteristic of one example 
of a power transmission line using the technical idea of 
the present invention. FIG. 13 is a graph showing the 
5 wind noise characteristic of one example of a power 

transmission line using the technical idea of the present 
invention . 

In the drawings, 1G shows a power transmission line 
of the background art of the present invention, 20 shows 

* 

10 a power transmission line of one embodiment of the 

present invention, 21 and 22 show inner layers, 23 shows 
an outer layer, 231 to 23n show segment conductors 
characterizing the present invention, 24 shows a groove, 
r shows a radius of curvature , D shows a diameter , h 

15 shows a height of the segment conductor, and t shows an 
abutting part . 
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[FIG. 3] 
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[FIG. 11A] 




REYNOLDS NUMBER 



-41- 



> 



[FIG. 13] 



MAXIMUM SOUND PRESSURE 



LEVEL DIFFERENCE (dB) 



0 
2 

-4 
-6 

-8 

to 



i 


> 








0 














■ i i i 


• i i — i 





15 



10 



25 



WIND SPEED (m/sec) 



-42- 



